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Human Health Risk Assessment

Introduction

A human health risk assessment is the process to estimate the nature and probability of adverse
health effects in humans who may be exposed to chemicals in contaminated environmental media,
now or in the future.

To explain this better, a human health risk assessment addresses questions such as:

* What types of health problems may be caused by environmental stressors such as chemicals
and radiation?

* What is the chance that people will experience health problems when exposed to different
levels of environmental stressors?

* |s there a level below which some chemicals don't pose a human health risk?

* What environmental stressors are people exposed to and at what levels and for how long?

* Are some people more likely to be susceptible to environmental stressors because of factors
such as age, genetics, pre-existing health conditions, ethnic practices, gender, etc.?

* Are some people more likely to be exposed to environmental stressors because of factors such
as where they work, where they play, what they like to eat, etc.?

The answers to these types of questions helps decision makers, whether they are parents or public
officials, understand the possible human health risks from environmental media.

How does EPA conduct a Human Health Risk Assessment?

Human health risk assessment includes 4 basic steps, and is generally conducted following various
EPA guidance documents.

* Planning - Planning and Scoping process
EPA begins the process of a human health risk assessment with
planning and research.

* Step 1 - Hazard ldentification
Examines whether a stressor has the potential to cause harm to
humans and/or ecological systems, and if so, under what
circumstances.

* Step 2 - Dose-Response Assessment
Examines the numerical relationship between exposure and effects.

* Step 3 - Exposure Assessment
Examines what is known about the frequency, timing, and levels of
‘l- contact with a stressor.

* Step 4 - Risk Characterization
Examines how well the data support conclusions about the nature and
extent of the risk from exposure to environmental stressors.
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Why does EPA evaluate whether children may be at greater health risks
than adults?

Almost 500 years ago Paracelsus (1493-1541) wrote: "Dosis facit venenum™ or
"the dose makes the poison." The relationship between dose and response
(health effect) is still one of the most fundamental concepts of toxicology - or
is it? For pollutants that act as developmental toxicants, the same dose that
may pose little or no risk to an adult can cause drastic effects in a developing
fetus or a child. Methyl mercury is but one example of a chemical that is much
more toxic early in life. Scientists have become increasingly aware that
children may be more vulnerable to environmental exposures than adults
because:

* their bodily systems are developing;

* they eat more, drink more, and breathe more in proportion to their body
size; and

* their behavior, such as crawling and hand-to-mouth activity, can expose
them more to chemicals and microorganisms.

In light of what is now known about the greater susceptibility early in life to
some stressors, Executive Order 13045 -- Protection of Children from
Environmental Health Risks and Safety Risks -- was issued in 1997. This
Executive Order directs that all federal agencies, including EPA, shall make it a
high priority to identify and assess environmental health risks and safety risks
that may disproportionately affect children; and shall ensure that their policies, programs, activities,
and standards address disproportionate risks to children that result from environmental health risks
or safety risks.

Note: To assist scientists in assessing risks specifically to children, EPA has developed A Framework
for Assessing Health Risk of Environmental Exposures to Children along with specific guidance to risk
assessors including Guidance on Selecting Age Groups for Monitoring and Assessing Child-Hood
Exposures to Environmental Contaminants and Supplemental Guidance for Assessing Susceptibility
from Early-Life Exposure to Carcinogens.
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Step 1 - Hazard ldentification

Introduction

Planning
Step 1
Step 2
Step 3
Step 4

Step 1 - Hazard
Identification: To
identify the types of

The 4 Step Risk Assessment Process

adverse health effects Hazard Dise-nespantse
Identification ssessmen
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supporting this Assessment
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are people exposed to during
a specific time period? How
many people are exposed?

Hazard Identification is the
process of determining
whether exposure to a
stressor can cause an increase in the incidence of specific adverse health effects (e.g., cancer, birth
defects) and whether the adverse health effect is likely to occur in humans. In the case of chemical
stressors, the process examines the available scientific data for a given chemical (or group of
chemicals) and develops a weight of evidence to characterize the link between the negative effects
and the chemical agent.

Exposure to a stressor may generate many different adverse effects in a human: diseases, formation
of tumors, reproductive defects, death, or other effects.

Sources of Data

Statistically controlled clinical studies on humans provide the best evidence linking a stressor, often a
chemical, to a resulting effect. However, such studies are frequently not available since there are
significant ethical concerns associated with human testing of environmental hazards.

Epidemiological studies involve a statistical evaluation of human populations to examine whether
there is an association between exposure to a stressor and a human health effect. The advantage of
these studies is that they involve humans while their weakness results from generally not having
accurate exposure information and the difficulty of teasing out the effects of multiple stressors.

When data from human studies are unavailable, data from animal studies (rats, mice, rabbits,
monkeys, dogs, etc) are relied on to draw inference about the potential hazard to humans. Animal
studies can be designed, controlled, and conducted to address specific gaps in knowledge, but there
are uncertainties associated with extrapolating results from animal subjects to humans.

Key Components of Hazard ldentification
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A wide variety of studies and analysis are used to support a hazard identification analysis.

* Toxicokinetics considers how the body absorbs, distributes, metabolizes, and eliminates
specific chemicals.

* Toxicodynamics focus on the effects that chemicals have on the human body. Models based
on these studies can describe mechanisms by which a chemical may impact human health,
thus providing insights into the possible effects of a chemical.

When assessing a chemical for potential carcinogenic behavior, current EPA practice is to focus on
analysis of a mode of action. Mode of action is a sequence of key events and processes, starting
with interaction of an agent and a cell, proceeding through operational and anatomical changes, and
resulting in cancer formation. A given agent may work by more than one mode of action, both at
different tumor sites as well as at the same site. Analysis of mode of action is based on physical,
chemical, and biological information that helps to explain key events in an agent's influence on tumor
development.

A key component of hazard characterization involves evaluating the weight of evidence regarding a
chemical’s potential to cause adverse human health effects. The weight of evidence narrative may
include some standard 'descriptors' that signify certain qualitative threshold levels of evidence or
confidence have been met, such as '‘Carcinogenic to humans' or 'Suggestive evidence of carcinogenic
potential’.

More specific information on hazard assessment approaches can be found in the specific risk
assessment guidelines relevant for the specific kind of effect being considered.

Next Step is Step 2
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Step 2 - Dose-Response Assessment

Introduction

Planning
Step 1
Step 2
Step 3
Step 4

Step 2 - Dose-Response Assessment: To document the relationship between dose and toxic
effect.

A dose-response
relationship describes how
the likelihood and severity

The 4 Step Risk Assessment Process
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apply for studies where the
exposure is to a
concentration of the agent
(e.g., airborne concentrations applied in inhalation exposure studies), and the resulting information is
referred to as the "concentration-response” relationship. The term "exposure-response" relationship
may be used to describe either a dose-response or a concentration-response, or other specific
exposure conditions.

Typically, as the dose increases, the measured response also increases. At low doses there may be
no response. At some level of dose the responses begin to occur in a small fraction of the study
population or at a low probability rate. Both the dose at which response begin to appear and the rate
at which it increases given increasing dose can be variable between different pollutants, individuals,
exposure routes, etc.

The shape of the dose-response relationship depends on the agent, the kind of response (tumor,
incidence of disease, death, etc), and the experimental subject (human, animal) in question. For
example, there may be one relationship for a response such as 'weight loss' and a different
relationship for another response such as 'death'. Since it is impractical to study all possible
relationships for all possible responses, toxicity research typically focuses on testing for a limited
number of adverse effects. Upon considering all available studies, the response (adverse effect), or a
measure of response that leads to an adverse effect (known as a ‘precursor’ to the effect), that
occurs at the lowest dose is selected as the critical effect for risk assessment. The underlying
assumption is that if the critical effect is prevented from occurring, then no other effects of concern
will occur.

As with hazard identification, there is frequently a lack of dose-response data available for human
subjects. When data are available, they often cover only a portion of the possible range of the dose-
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response relationship, in which case some extrapolation must be done in order to extrapolate to dose
levels that are lower than the range of data obtained from scientific studies. Also, as with hazard
identification, animal studies are frequently done to augment the available data. Studies using animal
subjects permit the use of study design to control the number and composition (age, gender,
species) of test subjects, the levels of dose tested, and the measurement of specific responses. Use
of a designed study typically leads to more meaningful statistical conclusions than does an
uncontrolled observational study were additional confounding factors must also be considered for
their impact on the conclusions. However, dose-response relationships observed from animal studies
are often at much higher doses that would be anticipated for humans, so must be extrapolated to
lower doses, and animal studies must also be extrapolated from that animal species to humans in
order to predict the relationship for humans. These extrapolations, among others, introduce
uncertainty into the dose-response analysis.

Dose-response assessment is a two-step process. The first step is an assessment of all data that are
available or can be gathered through experiments, in order to document the dose-response
relationship(s) over the range of observed doses (i.e, the doses that are reported in the data
collected). However, frequently this range of observation may not include sufficient data to identify a
dose where the adverse effect is not observed (i.e., the dose that is low enough to prevent the effect)
in the human population. The second step consists of extrapolation to estimate the risk (probably of
adverse effect) beyond the lower range of available observed data in order to make inferences about
the critical region where the dose level begins to cause the adverse effect in the human population.

Basic Dose-Response Calculations & Concepts

As a component of the first step of the process discussed above, the scientific information is
evaluated for a better biological understanding of how each type of toxicity or response (adverse
effect) occurs; the understanding of how the toxicity is caused is called the "mode of action" (which is
defined as a sequence of key events and processes, starting with interaction of an agent with a cell,
proceeding through operational and anatomical changes, and resulting in the effect, for example,
cancer formation). Based on this mode of action, the Agency determines the nature of the
extrapolation used in the second step of the process discussed above, either through non-linear or
linear dose-response assessment.

Non-linear dose-response assessment

Non-linear dose response assessment has its origins in the threshold hypothesis, which holds that a
range of exposures from zero to some finite value can be tolerated by the organism with essentially
no chance of expression of the toxic effect, and the threshold of toxicity is where the effects (or their
precursors) begin to occur. It is often prudent to focus on the most sensitive members of the
population; therefore, regulatory efforts are generally made to keep exposures below the population
threshold, which is defined as the lowest of the thresholds of the individuals within a population. If
the "mode of action" information (discussed above) suggests that the toxicity has a threshold, which
is defined as the dose below which no deleterious effect is expected to occur, then type of
assessment is referred to by the Agency as a "non-linear" dose-response assessment. The term
"nonlinear” is used here in a narrower sense than its usual meaning in the field of mathematics; a
nonlinear assessment uses a dose-response relationship whose slope is zero (i.e., no response) at
(and perhaps above) a dose of zero.

A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which no statistically
or biologically significant increases are seen in the frequency or severity of adverse effect between
the exposed population and its appropriate control population. In an experiment with several
NOAELs, the regulatory focus is normally on the highest one, leading to the common usage of the
term NOAEL as the highest experimentally determined dose without a statistically or biologically
significant adverse effect. In cases in which a NOAEL has not been demonstrated experimentally, the
term "lowest-observed-adverse-effect level (LOAEL)" is used, which this is the lowest dose tested.

Mathematical modeling, which can incorporate more that one effect level (i.e., evaluates more data
than a single NOAEL or LOAEL), is sometimes used to develop an alternative to a NOAEL known as a
Benchmark Dose (BMD) or Benchmark Dose Lower-confidence Limit (BMDL). In developing the
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BMDL, a predetermined change in the response rate of an adverse effect (called the benchmark
response or BMR; generally in the range of 1 to 10% depending on the power of a toxicity study) is
selected, and the BMDL is a statistical lower confidence limit on the dose that produces the selected
response. When the non-linear approach is applied, the LOAEL, NOAEL, or BMDL is used as the point
of departure for extrapolation to lower doses.

The reference dose (RfD) is an oral or dermal dose derived from the NOAEL, LOAEL or BMDL by
application of generally order-of-magnitude uncertainty factors (UFs). These uncertainty factors take
into account the variability and uncertainty that are reflected in possible differences between test
animals and humans (generally 10-fold or 10x) and variability within the human population
(generally another 10x); the UFs are multiplied together: 10 x 10 = 100x. If a LOAEL is used,
another uncertainty factor, generally 10x, is also used. In the absence of key toxicity data (duration
or key effects), an extra uncertainty factor(s) may also be employed. Sometimes a partial UF is
applied instead of the default value of 10x, and this value can be less than or greater than the
default. Often the partial value is %2 log unit (the square root of 10) or 3.16 (rounded to 3-fold in risk
assessment). Note, that when two UFs derived from Y2 log units are multiplied together (3 x 3) the
result is a 10 (equal to the full UF from which the two partial factors were derived).

Thus, the RfD is determined by use of the following equation:
RfD = NOAEL (or LOAEL or BMDL) 7/ UFs

In general, the RfD is defined as an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily oral exposure to the human population (including sensitive groups, such as
asthmatics, or life stages, such as children or the elderly) that is likely to be without an appreciable
risk of deleterious effects during a lifetime. The RfD is generally expressed in units of milligrams per
kilogram of bodyweight per day: mg/kg/day.

A similar term, know as reference concentration (RfC), is used to assess inhalation risks, where
concentration refers to levels in the air (generally expressed in the units of milligrams agent per cubic
meter of air: mg/m3). For more information, please see A Review of the Reference Dose and
Reference Concentration Processes.

Linear dose-response assessment

If the "mode of action” information (discussed above) suggests that the toxicity does not have a
threshold, then this type of assessment is referred to by the Agency as a "linear" dose-response
assessment. In the case of carcinogens, if "mode of action” information is insufficient, then linear
extrapolation is typically used as the default approach for dose-response assessment (for more
detailed information, please see EPA’s Guidelines for Carcinogen Risk Assessment). In this type of
assessment, there is theoretically no level of exposure for such a chemical that does not pose a
small, but finite, probability of generating a carcinogenic response. The extrapolation phase of this
type of assessment does not use UFs; rather, a straight line is drawn from the point of departure for
the observed data (typically the BMDL) to the origin (where there is zero dose and zero response).
The slope of this straight line, called the slope factor or cancer slope factor, is use to estimate risk at
exposure levels that fall along the line. When linear dose-response is used to assess cancer risk, EPA
calculates excess lifetime cancer risk (i.e., probability that an individual will contract cancer over a
lifetime) resulting from exposure to a contaminant by considering the degree to which individuals
were exposed, as compared to the slope factor. Thus,

Cancer Risk = Exposure x Slope Factor

Total cancer risk is calculated by adding the individual cancer risks for each pollutant in each pathway
of concern (i.e., inhalation, ingestion, and dermal absorption), then summing the risk for all
pathways.

A similar term, know as inhalation unit risk (IUR), is used to assess inhalation risks, where the
exposure-response relationship refers to concentrations in the air.
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Note: When there are alternative procedures having significant biological support, the Agency
encourages assessments to be performed using these alternative procedures, if feasible, in order to
shed light on the uncertainties in the assessment, recognizing that the Agency may decide to give
greater weight to one set of procedures than another in a specific assessment or management

decision.

Next Step is Step 3
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Step 3 - Exposure Assessment

Introduction
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Step 3
Step 4

Step 3 - Exposure Assessment: To calculate a numerical estimate of exposure or dose.

EPA defines exposure as
‘contact between an agent
and the visible exterior of a

The 4 Step Risk Assessment Process
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exposures for an agent that
has not yet been released.
An exposure assessment
includes some discussion of the size, nature, and types of human populations exposed to the agent,
as well as discussion of the uncertainties in the above information. Exposure can be measured
directly, but more commonly is estimated indirectly through consideration of measured
concentrations in the environment, consideration of models of chemical transport and fate in the
environment, and estimates of human intake over time.

Different Kinds of Doses. Exposure assessment considers both the exposure pathway (the course
an agent takes from its source to the person(s) being contacted) as well as the exposure route
(means of entry of the agent into the body). The exposure route is generally further described as
intake (taken in through a body opening, e.g. as eating, drinking, or inhaling) or uptake (absorption
through tissues, e.g. through the skin or eye). The applied dose is the amount of agent at the
absorption barrier that is available for absorption. The potential dose is the amount of agent that is
ingested, inhaled, or applied to the skin. The applied dose may be less than the potential dose if the
agent is only partly bioavailable. The internal dose or absorbed dose is the amount of an agent that
has been absorbed and is available for interaction with biologically significant receptors within the
human body. Finally, the delivered dose is the amount of agent available for interaction with any
specific organ or cell.

Range of Exposure. For any specific agent or site,
{,‘]"’\lr\ = population | there is a range of exposures actually experienced by
unit individuals. Some individuals may have a high
) = S{gﬁnﬁﬁ'th degree of contact for an extended period (e.g.
- level con- factory workers exposed to an agent on the job).
g%gﬂﬂﬁg Other individuals may have a lower degree of contact

standard for a shorter period (e.g. individuals using a
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recreational site downwind of the factory). EPA policy
for exposure assessment requires consideration of a range of possible exposure levels. Two common
scenarios for possible exposure are "Central Tendency" and "High End". "Central Tendency" exposure
is an estimate of the average experienced by the affected population, based on the amount of agent
present in the environment and the frequency and duration of exposure. "High End" exposure is the
highest dose estimated to be experienced by some individuals, commonly stated as approximately
equal to the 90™ percentile exposure category for individuals.

Quantifying Exposure. There are three basic approaches for quantifying exposure. Each approach
is based on different data, and has different strengths and weaknesses; using the approaches in
combination can greatly strengthen the credibility of an exposure risk assessment.

* Point of Contact Measurement - The exposure can be measured at the point of contact
(the outer boundary of the body) while it is taking place, measuring both exposure
concentration and time of contact, then integrating them;

* Scenario Evaluation - The exposure can be estimated by separately evaluating the exposure
concentration and the time of contact, then combining this information;

* Reconstruction - the exposure can be estimated from dose, which in turn can be
reconstructed through internal indicators (biomarkers, body burden, excretion levels, etc)
after the exposure has taken place (reconstruction).

For more information on exposure assessment methods, see the "Guidelines for Exposure
Assessment”, May 1992.

Next Step is Step 4
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Step 4 - Risk Characterization

Introduction

Planning
Step 1
Step 2
Step 3
Step 4

Step 4 - Risk Characterization: To summarize and integrate information from the
proceeding steps of the risk assessment to synthesize an overall conclusion about risk.

A risk characterization
conveys the risk assessor's
judgment as to the nature

The 4 Step Risk Assessment Process
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place in both human health
risk assessments and
ecological risk
assessments.

In practice, each component of the risk assessment (e.g. hazard assessment, dose-response
assessment, exposure assessment) has an individual risk characterization written to carry forward
the key findings, assumptions, limitations, and uncertainties. The set of these individual risk
characterizations provide the information basis to write an integrative risk characterization analysis.

The final, overall risk characterization thus consists of the individual risk characterizations plus an
integrative analysis. The overall risk characterization informs the risk manager and others about the
rationale behind EPA's approach to conducting the risk assessment - why EPA did what it did to
assess the risk.

Principles of Conducting Risk Characterizations

A good risk characterization will restate the scope of the assessment, express results clearly,
articulate major assumptions and uncertainties, identify reasonable alternative interpretations, and
separate scientific conclusions from policy judgments. EPA's Risk Characterization Policy calls for
conducting risk characterizations in a manner that is consistent with the following principles:

* Transparency - The characterization should fully and explicitly disclose the risk assessment
methods, default assumptions, logic, rationale, extrapolations, uncertainties, and overall
strength of each step in the assessment.

* Clarity - The products from the risk assessment should be readily understood by readers
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inside and outside of the risk assessment process. Documents should be concise, free of
jargon, and should use understandable tables, graphs, and equations as needed.

Consistent - The risk assessment should be conducted and presented in a manner which is
consistent with EPA policy, and consistent with other risk characterizations of similar scope
prepared across programs within the EPA.

Reasonable - The risk assessment should be based on sound judgment, with methods and
assumptions consistent with the current state-of-the-science and conveyed in a manner that
is complete and balanced, informative.

These four principles - Transparency, Clarity, Consistency, and Reasonableness - are referred to
collectively as TCCR. In order to achieve TCCR in a risk characterization, the same principles need to

have been applied in all of the prior steps in the risk assessment which lead up to the risk
characterization.

For more information about Risk Characterization refer to EPA's Risk Characterization Handbook
(PDF). (189 pp, 8.9 MB, About PDF)
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